The Brazilian hydrological information network does not provide data series of daily velocities. The river velocities are important for the study of hydrokinetic potential. Therefore, the work proposes a model called flow-velocity that estimates the average daily velocity and the distribution of the velocity profile of the cross section of rivers. The model was applied to the Amazon basin, using the highest and lowest flow rates of the historical series. The highest and lowest average velocities found in the Amazon River were 2.27 m s -1 and 0.735 m s -1 , respectively. The main contributors to the Amazon River presented average daily velocities close to 2.0 ms-1 for the flood period, but in the dry season these velocities did not exceed 0.5 m s -1 . Thus, it was verified that the Amazon River has hydrokinetic potential throughout the year and its tributaries during the flood period.
Introduction
The society searches for renewable and sustainable energy sources to meet growing demands, hydrokinetic plants have received attention in the same proportion (Petrie, Diplas, Gutierrez, & Nan, 2014) . Another important factor that has led the scientific community to research alternative energy sources the search for the minimization of the environmental impacts caused by fossil fuels. Thus, the use of energy from marine and fluvial currents has been preeminent in this context (Lopes, Vaz, Mesquita, Mesquita, & Blanco, 2015) . The use of hydrokinetic energy in all its applications is considered as a process of energy conversion with low environmental impact, which could increase the energy potential of countries, especially those in development that need energy to overcome the challenges of growth (Holanda et al., 2017) . Within this scenario, each country is assessing its resources and many have recognized hydrokinetic energy as a significant contributor to their renewable energy portfolio (Laws & Epps, 2016) .
In Brazil, according to Van Els and Brasil Junior (2015) , starting in the 1980s, the first empirical research on the development of electric energy production using hydrokinetic turbines began. Currently, studies have verified the use of the remaining energy from hydroelectric plants. In this sense, Holanda et al. (2017) presented in their work a shallow water model to verify the hydrokinetic energy use downstream of the Tucuruí hydroelectric power plant in the State of Pará, Brazilian Amazonia, since it has the largest installed capacity in the national territory; and during its implantation caused a great environmental impact. According to these authors, the implantation of a hydrokinetic energy park, in the evaluated section, could generate 2.04 GWh / year, which is a considerable value for an unused energy resource.
According to Pektas (2015) , the determination of velocity distributions throughout the cross section is necessary for the planning of the geometric forms of the channels; the calculation of flow properties; and the forecast of sediment transport and contaminants. However, according to Bonakdari (2012) , the measurements of direct velocities are not feasible in many real cases. The National Water Agency (ANA, 2017) provides the hydrological data series (flow, water level, sediment concentration, etc.). However, the river velocity data series are not available. The reasons for this are diverse, ranging from the high financial costs to the difficulty of access to the study area.
According to Farina et al. (2017) and Maghrebi (2006) , the flow of a river can be calculated by the product of the average velocity with the cross-sectional area. Therefore, depth measurement is required to determine the cross-sectional area and determine the average velocity. According to Sivapragasam and Muttil (2005) , the flows are calculated from the velocity measurement and are related to the measures of linimetric rules to obtain a key curve. Thus, a power law equation is obtained to estimate the flow rate, with the known water level being the known variable, since according to Maghrebi and Ahmadi (2017) , it is more difficult to measure river flow than the level.
There are many variables that govern the equations describing the flow of a river, other than artificial channels having well defined cross-sectional geometry, declivity and roughness. In rivers, these variables are difficult to estimate because they vary in time and space. According to Rahimpour (2017) , the velocity component describes the flow of the river, but the velocity in a cross section varies from one point to another. For decades, the velocity distribution in rivers has been researched (Maghrebi & Rahimpour, 2005) . Therefore, the literature includes many experimental and analytical studies conducted to determine the velocity distribution in natural and laboratorial channels (Pektas, 2015) . However, in most cases, the velocity profiles in rivers are expressed by a logarithmic or power law (Lee, Lee, Kim, Kim, & kim, 2013) . According to Maghrebi (2006) and Petrie et al. (2014) , the velocity distribution in a two-dimensional flow over a totally rough bed usually follows the logarithmic law.
Therefore, due to the importance of knowing the velocity values in rivers for many studies of water resources and hydraulic projects, especially those of hydrokinetic energy generation, the objective of the study is to develop a methodology for the design of a flow-velocity model for estimates of average daily velocity in river cross sections from flowrate data for analyse the hydrokinetic potential. Thus, this model contributes to the determination of the velocity distribution throughout the cross section of the river and estimation of the average daily velocity.
Material and methods
The model was developed by which it is possible to calculate the average daily velocity from the flow, according to the logical sequence presented in Figure 1 .
The cross-sectional area was estimated using the width (z) and depth (y), which are determined randomly. Thus, the mean velocity was calculated with the use of the Continuity Equation (Equation 1) solved for this variable. 
where: is the average velocity, Q is the flow, and Ae is the estimated area. According to Maghrebi (2006) , the average velocity of a channel is approximately equal to that at 60% depth from the water surface. Therefore, considering the average velocity found with Equation 1 as if it were measured at 60% depth (y), the shear velocity (u*) is calculated using the logarithmic law (Equation 2). By fixing the variables y 0 and u * and using the logarithmic law, the velocity profiles were calculated throughout the cross section according to the number of verticals. We chose the use of the logarithmic law for the determination of the velocities distribution because it is a consolidated equation in the literature (Lee et al., 2013; Babaeyan-Koopaei, Ervine, Carling, & Cao, 2002; Chen, Wang, Liu, Wang, & Leng, 2016) . 
where: u is the local velocity measured at the normal distance y from the bed; 0 * u ρ τ = is the shear velocity at the boundary, where τ is the shear stress limit and ρ is the specific mass of the water; y 0 is the boundary distance of the wall, u = 0, and k is the Von-Kármán constant = 0.41; k s is the equivalent sand roughness height of Nikuradse = 2d 50 and d 50 is the mean diameter of the bed material; and A is the integration constant = 8.5 for a fully developed flow.
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Boundary conditions
In this model, the mean velocity calculated from the continuity equation was considered a point velocity measured at the centre of the free channel at a depth of 60% from the surface. The roughness of the bed will be considered uniform. Due to the non-slip condition, the velocity along the wet perimeter is zero. The shear rate will be considered uniform throughout the cross section.
Calibration
The model calibration consists of comparing the simulated flow rate with the observed flow rate, so that the percentage relative error is less than or equal to 10%. For the flow simulation, the Modified Average Section method was used. This method uses the logarithmic velocity profiles, the depth (yi) and the subarea (ai) of the cross section (Equation 4), as shown in Figure 2 . Thus, the horizontal axis of the cross section was divided into segments (zi) of a meter, regardless of the width of the cross section, because in the traditional method, the division of the segments depends on the width. ( )
Thus, making use of the velocities calculated at 0.2y and 0.8y, the average between them is calculated; in this way, each vertical will have a mean velocity. Therefore, the average velocity acting on the subarea is found via Equation 5. where:
is the average velocity in the subarea, and and are the average velocities in the vertical. Thus, by summing the product of the average velocity in the subarea, determined the simulated flow (Q s ) was determined, according to Equation 6. 
When the Relative Error (Equation 7) between the observed (Q o ) and simulated (Q s ) flow is less than 10%, the average velocity is calculated using Equation 8. If not, it returns to the beginning (Figure 1 ) and the adjustment is made in one of the variables: d 50 , when the error is not very high; depth, the adjustment is made in this variable when the percentage error is very high; width, when the error is too high and there is no further possibility of adjustment by the depth variable.
Area of application of the model
The flow-velocity model was applied to the Amazon River basin, and the locations of the streamflow gauge stations used in the study are shown in Figure 3 . The flow data of these stations are available at http://www.snirh.gov.br/hidroweb/publico/apresentacao.jsf and were used to calibrate the model and simulate the logarithmic velocity profiles. In rivers where there are hydroelectric power plants (HPPs), preference was given to the flow data of the stations downstream of the dams, such as in the work of Holanda et al. (2017) , which analysed the hydrokinetic potential of the downstream reservoir of Tucuruí HPP in the Tocantins / Araguaia basin. However, in cases where the historical series of the streamflow gauge stations located at these points were not available, upstream stream gauge stations were used. From the historical series flow rates, the highest and lowest flow values were used. 
Flow-velocity model for hydrokinetic energy in the Amazon
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Hydrokinetic Potential Estimation
The velocity and depth of rivers is a parameter that allows the dimensioning of the rotor diameter in a hydrokinetic turbine design (Punys et al., 2015) . The installed power of the plant, which varies from cube to velocity, is determined as a function of the turbine design velocity, which is a function of the velocity field of the water flow. According to Kumar and Sarkar (2016) , the output power of the turbine is affected mainly by three factors: velocity, turbine rotor area, and general efficiency of the conversion system (Equation 9).
where: P is the hydraulic power (W); ρ is the specific mass of the water (kg m -3 ); A is the area swept by the rotor blades (m²); U is the water velocity (m s -1 ); and Cp is the power coefficient (Betz coefficient). According to Kumar and Sarkar (2016) and Yuce and Muratoglu (2015) , the maximum efficiency that an ideal turbine can attain is known as the Betz limit. Betz's law proposes that the theoretical maximum power coefficient for a rotating turbine in fluid flow is 0.593. However, according to Vermaak, Kusakana, and Koko (2014) , the small turbines in rivers have their own losses, reducing the power coefficient to 0.25. Thus, the hydrokinetic potential was analysed for Cp = 0.593 (Betz, 1926) , since according to Kumar and Sarkar (2016) , this value is the maximum efficiency that an ideal turbine can reach and Cp = 0.25 is the efficiency that the small turbines in rivers can reach (Vermaak et al., 2014) . In this way, two hydrokinetic potential scenarios were analysed for the studied rivers. The diameter of the rotor needed to calculate the swept area was determined as a function of the estimated depth for the lowest flow. Considering the submersion of the turbine during a drought, for the production of energy during 365 days of the year, the suggestion of Kolekar and Banerjee (2015) was considered. In this case, the end of the rotor must be within a radius of the solid surface of the river and a half radius of the free surface.
Results and discussion
Calibration Figure 4 shows the small dispersion between the observed and simulated flows of the streamflow gauge stations shown in Figure 3 . In this case, the percentage relative errors calculated through Equation 7 did not exceed 10%. With this satisfactory performance, the average velocities, for each streamflow gauge station, were simulated through Equation 8 and compared to the observed mean velocities ( Figure 5 ). Comparative to our results, Farina et al. (2017) used an isovel model to calculate the flow of a channel with a method based on the principle of entropy and determined a relative error of 7% between observed and simulated flows, which led them to state that the velocity obtained by isovels allows a reliable flow estimation. In the study by Maghrebi, Ahmadi, Attari, and Maghrebi (2016) , the maximum relative errors of 3, 6, and 3% for the Severn, Cuenca, and Tomebamba Rivers, respectively, demonstrated that the proposed model for determining the key curve presented very good performance. 
Application of the model to the Amazon basin
The good performance of the model verified through Figures 4 and 5 allowed its use for simulations of the velocity isolines for the cross sections of the streamflow gauge stations of the Amazon River and its main tributaries of the North (Trombetas and Jari) and South (Madeira, Tapajós, and Xingu), considering the recorded historical maximum and minimum flows. These velocity distributions together with the crosssection geometry subsidize the definition of the hydrokinetic potential. Figure 6 presents the velocity isolines for the cross section of the Amazon River, which were generated from a flow rate of 266,897.0 m³ s -1 , observed at the Óbidos station (code ANA: 17050001) located in the municipality of Óbido, Pará State, Brazil. This station was taken, since it is the closest station to the mouth of the Amazon and records the highest flows of the river. By analysing this figure, it is possible to visualize that the lower velocities occur near the banks and the riverbed, and moving away from these regions, the velocity increases. Thus, for this type of geometric section, where the width is greater than the depth, the higher velocities are at the centre and near the surface. Farina et al. (2017) , Goring, Walsh, Rutschmann, and Trösch (1997) , and Maghrebi and Rahimpour (2005) , using different models, found a similar velocity behaviour in rivers and artificial channels with the same geometric aspect as that studied here. The simulated Amazon River flow in Óbidos was 254,379.6 m³ s -1 , presenting an error of 4.7% in relation to the observed flow. Influenced by this satisfactory error, the mean simulated velocity in the same section was 2.18 m s -1 , which is a very approximate value of the mean velocity of 2.16 m s -1 recorded in the data measured by ANA (National Water Agency of Brazil). Figure 7 shows the velocity isolines of the cross section of the Amazon River (Óbidos station) at a flow rate of 59,678.0 m³ s -1 . The velocity profile presents the same behaviour as the one with the highest flow rate. This fact is attributed to the roughness of the riverbed, which is the same for the two velocity profiles and is consistent with the literature (Keulegan, 1938; Maghrebi & Ahmadi, 2017; Pektas, 2015; Rahimpour & Maghrebi, 2006) , which stated that the river and channel velocities are influenced by the bed material. The relative percentage error between the observed and simulated flow, equal to 56,971.9 m³ s -1 , is 4.8%; thus, the resulting estimated mean velocity is 0.58 m s -1 . According to the ANA data, the average velocity for the flow used is 0.57 m s -1 , indicating a good performance of the model. Table 1 presents the results of the application of the model to the gauge stations of Tabatinga. Itacoatiara and Manacapuru, which are also located on the Amazon River (Figure 3 ), but drain smaller areas when compared to the Óbidos station. Although the cross section of Tabatinga shows lower flows in relation to Itacoatiara, Manacapuru, and Óbidos, it presents higher velocities. This fact can be explained in part by the declivity, because this station is located in a terrain where the slope is greater than the other stations. In the study by Bjerklie (2007) , the slope of the channel and the lengths of the meanders are used to develop an equation to estimate the velocity; the data presented in his work show that the velocity is directly proportional to the slope. The simulated mean velocity values for the Itacoatiara, Manacapuru, and Óbidos stations are consistent with the values of 1.5, 1.4, and 1.7 m s -1 , respectively, found by Filizola, Melo, Armijos, and McGlynn (2015) for the same stations. In addition, the comparison between the simulated and observed values presents small errors.
Amazon River
Main tributaries of the Amazon River
North Figure 8A and B show the profile of velocities of the Negro River, both of which are generated, respectively, from the flows of 24,509.2 m³ s -1 and 1,251.0 m³ s -1 . The maximum velocities (1.5 m s -1 and 0.27 m s -1 ) are close to the surface and the mean velocities (1.39 m s -1 and 0.22 m s -1 ) are approximately at 60% depth from the river surface, respectively. According to the data from the Curicuriari station (code: 14330000), available at the ANA website, the mean velocities observed for these flows are, respectively, 1.31 m s -1 and 0.22 m s -1 . Figure 9A and B show the velocity profiles of the Trombetas River that were derived from the flow rates of 4,592.43 m³ s -1 and 47.0 m³ s -1 , respectively. For the higher flow rate, the simulated mean velocity (1.29 m s -1 ) was slightly different from that observed (1.28 m s -1 ). For the lower flow, the simulated mean velocity (0.04 m s -1 ) is the same as that observed. The Trombetas River presents a high velocity for the flood period, even though it does not have such a large flow, when compared to the great tributaries of the Amazon River, which can be explained by its location in the Guiana plateau (Filizola & Guyot, 2011) and its geometric conformation (width and depth), which is the smallest among the main tributaries of the Amazon River. However, for the lower flow rate, it presents a lower velocity among the studied rivers. This peculiarity is due to the effect of backwater caused by the tide in the Amazon River, as described in the work of Kosuth et al. (2009) , thus influencing its tributaries (Meade, Rayol, Conceição, & Natividade, 1991) , especially those closest to the ocean. According to Holdefer and Severo (2015) , the phenomenon may be imperceptible in higher flow conditions; however, at low flow, it is noticeable. Figure 10A and B show the velocity isolines of the Jari River, which were generated, respectively, with flows of 3,866.6 m³ s -1 and 52.0 m³ s -1 . The mean velocities simulated with the above flows were 1.18 m s -1 and 0.04 m s -1 , and these values are compatible with the observed mean velocities (1.19 m s -1 and 0.04 m s -1 ) for the same flows, respectively. Figure 11A and B show the velocity isolines of the cross section of the Madeira River. For the flow rate of 40,892 m³ s -1 , it reaches a velocity of 2.4 m s -1 close to the surface and a distance of approximately 90 m from the riverbank to the middle of the river ( Figure 11A ). In their study, Barros and Rosman (2018) found results of superficial velocities (0.1 to 3.0 m s -1 ), for the month of greatest peak flow, similar to this one. Simulated mean velocities are 2.21 m s -1 and 0.44 m s -1 , and the observed mean velocities recorded in the Palmeiral station are 2.26 m s -1 and 0.46 m s -1 , respectively. Figure 12A and B show the cross-sectional velocity profiles of the Tapajós River, which originate from the highest and lowest flow respectively. Thus, for the 22,530.0 m³ s -1 flow rate, the simulated mean velocity was 1.07 m s -1 , and for the same flow, the observed mean velocity is 1.12 m s -1 , and for the flow rate of 2,349.71 m s -1 , the mean simulated velocity was 0.27 m s -1 and the observed velocity was 0.26 m s -1 . In the Tapajós River, tide influence also occurs, which contributes to the low velocity, both for the flood period and for the dry season. Figure 13A and B show the velocity profiles of the Xingu River cross section. The flow values (32,717.0 m³ s -1 and 617.0 m³ s -1 ) from the Altamira station (code: 18850000) gave rise to these velocity profiles. The simulated mean velocities were 1.41 m s -1 and 0.06 m s -1 , which were similar to the observed mean velocities of 1.38 m s -1 and 0.07 m s -1 , respectively. The results of the simulated mean velocities with flow values of the historical series (Table 2) for the main tributaries of the Amazon River show that the Trombetas, Madeira, and Xingu Rivers in their respective cross-sections of the Garganta, Palmeiral, and Altamira stations present higher average velocities than 2.0 m s -1 when the value used is the higher flow rate. The other rivers studied presented mean velocities within the range of 1.109 m s -1 to 1.788 m s -1 . However, when the values used are the lowest flow rates, the average velocities are between 0.024 m s -1 and 0.5 m s -1 , which are uninteresting for hydrokinetic energy generation. Table 3 presents the hydrokinetic power inventory for all stations shown in Figure 2 , using turbines with a diameter estimated from the lowest depth and power coefficients of 0.25 and 0.593. In the two turbine efficiency scenarios (Cp = 0.25 and Cp = 0.593), in all sections studied, the Amazon River has the highest hydrokinetic potential for both the higher flow and the lower flow. However, turbine installations on the Amazon River must respect the multiple uses of water, especially the navigability of the river, which is the main route of people traffic and freight transportation in the region. Filizola et al. (2015) carried out a preliminary analysis of hydrokinetic potential in the Amazon basin, classifying the points studied in Itacoatiara and Óbidos as good-excellent, with the potential for the generation of energy close to one year, and in Manacapuru, it was classified as good for being able to generate energy 50% of the year. The Negro, Trombetas, Cachorro, Javari, Iça, Juruá, Coari, and Tapajós Rivers due to the greater velocities presented hydrokinetic potential that can be explored during the region's flood period, but in the dry season, the hydrokinetic powers are smaller than 0.1 kW. However, these are cases that cannot be ruled out, especially the Trombetas River, which for a higher flow can generate 105.8 kW of power with a turbine of 4.2 m in diameter. With this power being converted into electrical energy and made available to the riverside communities, it is possible to reduce the environmental impacts caused by the use of fossil fuel, contributing to the economic development of local communities. The Maracá River hydrokinetic turbine project is an example of the use of this technology in favour of the isolated communities in the Amazon. The power generated by the hydrokinetic turbine of 1 kW was used to meet the productive demand of an extractive nut community (Sánchez, Torres, & Kalid, 2015) .
South
Hydrokinetic potential estimation
For the Tapajós and Jari Rivers, the installation of three hydroelectric plants is planned each river. On the Jari River, there already exists a hydroelectric plant. The streamflow gauge stations 17500000 and 19150000 (ANA codes), used to apply the model, will be downstream of the Chacorão and Açaipé B hydroelectric plants, respectively. Once the dams are built, the flow dynamics of the river will be altered. Thus, future studies will be needed to determine the magnitudes of the velocities. The Porto Velho streamflow gauge station (code: 15400000), located downstream of the Santo Antônio hydroelectric plant on the Madeira River, has an installed capacity of 47.7 kW, for the highest flow rate using a turbine with a diameter of 4 m and Cp equal to 0.593, and for the dry season, using the same turbine configuration, the power is 0.7 kW. For a turbine with Cp equal to 0.25, the power is 20.1 kW and 0.3 kW for the flood and dry season, respectively. As the power in the dry season is less than 1 kW, the hydrokinetic potential can be used during the flood period, and the diameter can be increased from 4 to 13 m; hence the power would increase from 47.7 to 504 kW, in the best scenario. By comparison, in a system consisting of a Francis turbine with 50 kW of power and a mini grid of approximately 2 km, the small hydro power plant project in the Aruã fall provides electricity to 50 residences and for some productive uses (Sánchez et al., 2015) . Therefore, the remaining potential of this hydroelectric plant could meet a demand ten times greater than the small hydropower plant mentioned.
The cross sections of the Xingu River have hydrokinetic potential for the higher flow, but for the lower flow, they did not present a good hydrokinetic potential. The Altamira stream gauge station (code: 18850000), the nearest (155 km upstream) to the Belo Monte hydroelectric plant, had installed power using a turbine with a diameter of 0.7 m and Cp of 0.593, giving 1.1 kW for the higher flow rate and 0.002 kW for the lower flow rate. In the case of use only during the flood period, the diameter can be increased to 5 m, so the power will increase to 54.8 kW for Cp = 0.593. This potential was evaluated upstream, but in future work, using the flow-velocity model, this potential can be evaluated downstream of the Belo Monte hydro power station reservoir.
Therefore, the estimated hydrokinetic potential can give communities isolated from the Amazon access to electricity. Implementation of decentralized energy systems is a good economic and environmental alternative, which can replace diesel power generators, which are widely used by isolated communities in the Amazon. Another alternative for the use of this technology is to integrate it into the national grid. If the implementation is done by individuals, there is the option to sell the energy produced to the energy concessionaires.
Conclusion
The proposed model simulates daily average velocities in the Amazon basin. These velocities are between 0.02 m s -1 and 2.95 m s -1 . The width/depth ratio is high, contributing to low velocities. The Amazon has hydrokinetic potential to generate energy annually and its tributaries only during the flood period. The limitations of the work are: 1) not considering the overflow of the river; 2) does not simulate on the longitudinal axis; 3) the Cp used only considers the maximum and minimum efficiency of the turbines. As a possible application of the model, we can derive a velocity equation using non-linear regression, with simulated velocities as explanatory variable and flow as dependent variable.
